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New Small Wheel
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ATLAS Muon Spectrometer
* New Small Wheel (NSW)

e upgrade in phase 1in 2018
* innermost muon detector
* subject to the highest rates
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Thin-gap chambers (T&C)

Cathode strip chambers (CSC)
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Barrel toroid

' Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)




New Small Wheel

Small Sectors

* New Small Wheel will
make use of the current SW  cone shielding
infrastructure
* Thin Gap Chambers (TGC’s)
* Micromegas

Large Sectors

JD Shielding
Flexible Chains

Plug e i i/ /) PALAL=T Hub

Detector Wheel

Flexible Chains
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NSW Motivation

NSW Motivation

e Upgrade needed for high luminosity up to 5-7x1034
e reduce fakes to avoid pre-scale of the L1 trigger rate and loss of physics
* high precision tracking pointing to the IP in the NSW
* excellent angular resolution of 1 mRad
* track p; resolution
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Motivation
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i to keep L1 Pt threshold ~20GeV ...
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Motivation

Motivation of upgrade (1)

MU20vs  2010/2011 data
50 ns interval
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Motivation

Plot from T. Kawamoto:

0.4
— TGC Middle

— TGC Middle + MDT Inner Slope
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Importing L2 performance to L1
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Micromegas

Micromegas (MM) Design
* Printed on PCB -800V
2 amplification regions

* Resistive strips to prevent sparking

For test beam: Conversion & drift space 550V
* Drift gap = 5 mm (few mm) ol o
e strip pitch =400 um =
* gas Ar:CO, 93:7

Resistive Strips (+HV)

— Mesh
PCB

\ \

Insulator Copper readout strip
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Micromegas

Micromegas Muon Detection:

* muon leaves ionization trail

* charge drifts to strips

« drift velocity = 47 um/ns

* NSW will have tracks between 8° and 30°

9/4/12
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VMM 1

VMM1 Readout
* Flexible design can be used for MM and TGC
* variable gain and peaking time configurations
* reads out only signals over threshold and option to read neighbor channels
* Measures signal peak amplitude (PDO) and time (TDO)
* Fast channel address of first hit (ART)

Amplitude, Time, Monitor Configuration & Control
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Panasonic input connector :
sTGC LVDS connector

Micromegas Address in Real Time(ART)
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VMM 1 Readout

I mMegas
Detector

Address in Real Time
8 planes

Monitor

Trigger & Clock
From SRS © 3 _ . Analog Amplitude
(Givi's card) & Trigger/Cloc And Time

Distribution

. L\ ¥ VMM1 Control
W for " 7 ‘; .~ And Digitizer

To Ethernet switch

9/4/12
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VMM 1 ASIC

VMM1 ASIC

Technology: CMOS 130nm 1.2V from IBM (8RF)
Layout size, device count: : 5.934 x 8.433 = 50.033 mm?, 500k MOSFETs, 80k capacitors,

200k resistors

Power dissipation: 1.2 V x 300 mA =~ 360 mW (~5.5 mW/channel)

enwencktki di ART

A

]

BGR - bias - temperature ——— TOT
pulser - threshold = logic -
registers '
: neighbors trigger| acquisition tstop
(channel or chip) enable
. Mux
DSC ;
CA — SA time
_ | tstart TAC
PD/TD ampl
2 addr |
64 channels 6-bit ———

_____________________________________________________________________

h 07,5663

flag
time
ampl

addr

Acquisition:
events are detected and processed
(amplitude and timing)
* charge amplification, filtering,
discrimination, peak- and time-
detection
 address in real time (ART) of the
first event
* direct timing (over-threshold or to
peak) available for channels 0-7
and 56-63
Readout:
events are read out in sparse mode with
smart token passing (amplitude, timing,
address)
Configuration:
global and channel registers are
accessible for configuration




VMM Signals

Acquisition: —J L TACstop
TACstop (opt)

pulser +Q|—| -Q

analog ’EQV'\_

neigh. enable PDO

peakdetector 3

time detector (TAC) 3 TDO
e = R

flag I

fflag (ART flag) 1 40ns
fa0:5 (ART addr.) =

— I 1
Readout:
I L.J l.J l.J l..._..“.J l.J l.J l.J l_--
PDO I_I—| l_l ____________ 3 cks after flag low
TDO I—I | | 1 )
| fkﬂg
a0:5 — =]

9/4/12

15



Fast Trigger

Address in Real Time (ART)
* 200 MHz clock: fast enough to use as a trigger
* reads out channel ID, clock (time to within 5 ns), and trigger #

enwen ck tki X

TN 07,5663
— ] —_—
—>

flag

time

neighbors trigger tstop

(channel or chip)

-{:

ampl

addr

rels
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Labview for VMM 1 ]

Global
Configurables:

* Gain

* Peaking Time

* Time Amplitude
Conversion (TAC)
* Threshold

* Neighbor Trigger
* Sub-hysteresis

* ToT/TtP enable
* ART enable (fast
trigger)

* Pulsar DAC

* monitor

o
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Channel
Configurables:
* test pulse
enable

* threshold trim
* monitor
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VMM 1

Example of PDO readout in Labview:
» with internal test pulse (1.2 pF)

HISTOGRAM PDout

COUNTRE
o
o
o
o
7

Mean =188.3 mV
rms =0.6 mV
(640 e)

|
|
|
|
|
|
|
|
|
|

I
0.179 0.185 0.190 0.195 0.201
YOLTAGE

PDO_RMS  PDO_MEAN
629.86u | 188.32m

WHMPDO  PEAK PDO  PDO_PEAK
1.40991m  188.32m (9877

Gain = 9 mV/fC
Peaking time 50 ns



VMM1 Gain

PDO Amplitude (mV)

1150.0
1050.0
950.0
850.0
750.0
650.0
550.0
450.0
350.0
250.0
150.0
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Gain Linearity

Threshold DAC: 200, Gain: 3 mV/fC, Peaking Time:

0

50 ns

y=2/0039x+207.29 ’QQ Channel Gain

* Linear response (mostly)

e variation on peaking time

* measured gain is below the
nominal gain

50 100 150 200 250 300 350 400 450 500
Q(fc)

Measured Gain Values

Peaking Time (ns)

Gain (mV/fC) 25 50 100 200
0.5 0.2811 0.4971

1] 0.6743 0.6897 0.9847

3] 2.0144 2.0039 2.7592

91 4.7274 6.1258 8.1193
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VMM 1 Noise

Noise:

@ 50 ns & gain 9 mV/fC :
0.435 mV + 6.1258 mV/fC = 0.710 fC = 443 electrons

9/4/12
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RMS (mV)

0.500

0.450

0.400

0.350

0.300

0.250

0.200

0.150

0.100

0.050

0.000

\

Gain Noise Measurement, CHN 45
masked nearby channels

B Za
L S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, @
A
A
0 50 100 150 >

peaking time (ns)

250

L

~— Gain 0.5 mV/fC
~ Gain 1 mV/fC
~ Gain 3 mV/fC
"""" Gain 9 mV/iC
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VMM 1 Baseline

Baseline Channel to Channel Variation
Average Baseline =188 mV (+7 -5)
=> Calibration Needed!

# Baseline (mV)

Baseline
196
194 e
L
S 192 - TS
£ .
o 190 * * * *
b1 L g ¢ ¢
%g 188 * *—o * >
> * o o 0 o L 2 2 J L J
186 *e .0 > oo
L J L J L J
184 *
L J
182 ‘ ‘ ]
0 10 20 30
Channel
9/4/12
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VMM 1 Threshold

Threshold Channel to Channel Variation
Trim ranges have no common value
=> Need larger threshold trim range (next version)

Individual Channel Thresholds
global threshold = 408 mV
Threshold DAC =420
430 =
[
420 B Ay
u [
[ [
410 - n - A.- L -‘..‘_l.?-_. | - ¥ Threshold
2400 A, A a Al..'lA.A-A A - am An" B Offset = 0 mV
) A A
g390 =t e AA..A A s i A A a8 A Threshold
G Fay a4 T a0, "a Offset = 15 mV
> A A N mA
380 A A
370 w w w x - .
0 10 20 30 40 50 60 70
Channel
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VMM 1 Time Output

TAC Conversion Table

Time Amplitude Conversion 1/TAC (ns/mV)

TAC Slope
y slope converts TDO (mV) to Gain 125 ns 250 ns 500 ns 1 us
time 0.5 0.22 0.34 0.64 1.22
* mostly gain independent 1 0.20 0-22 0.54 1.05
. 3 0.20 0.2 0.54 1.05

* need to calibrate channel-by- 5 0.19 0.28 0.54 105
channel

TAC Slope

Gain: 3 mV/fC

1200 3.6183x } 358.84 y= 1}8522x+263.69

y=§.O3x+61f.6 Y3
r m N

1000 |
i /A v = 0.9547 + 223.79
800 // P
/ ’"125 nS/VII

% C
S 600 | &
e i /4(&/& W "250 ns/V"
400 f/‘/././ A"500 ns/V"
®"1000 ns/V"
200
0
0 100 200 300 400 500 600 700

Edge-to-Enable Time (ns)
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VMM 1 Time-walk

Time-walk: jitter in peak value measurement [ solid line: theor. 200pF, 25ns -~ - 200pF, 200ns |
. symbols: measured 200pF, 100ns
* Less the 2.2 ns difference _ 1on| nominal gain SmV/fC -A-- 200pF, 50ns |
. . . @, F\ timing ramp 125ns --®- 200pF, 25ns
* Gain = 1 mV/fC peaking time = 25 ns 3 . - 2pF, 25ns
. . . ) ‘..,
* 1.2 pF input capacitance (internal) £ & el 200pF, 25ns
3 mp g
Timing Resolution S :
£
965.000 =
100%.0 1.0
960.000
Qutput pulse amplitude [V]
955.000
§950.000 { } { } { } { { T T T
: Pt
= . Ik
045,000 Time-wa
simulation
940.000
935.000
125 175 225 275 325
Ouput Pulse Amplitude (PDO-BL) [mV]
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H6 Test Beam

25
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Test Beam Set Up

1480 |

Test Beam Set Up | Jura
Freiburg frame -
‘ ; —— 1250
TOP VIEW -~ [ -
i s | me e w
Beam profile X X —— i | Lo
X wire chamber
!Za ] l |._I H I | 26 26 }5'_
y i I 25;| \ 1 I I s:!— SJ,EJ ' sei(sA) 5o —’Lf— r "
1T, -80 Ge V/C)} Tm m3 e T2 Y-inverted <5 3_9
T, -120GeV/c 1after 0 30 104 224 306 416 587 611mm Saleve

T'1-8; S_10x100m2 p_0 4mm dg_5mm gG_104 Ar-COz 93-7; v4=47um/ns; EIx=APV25; daq=SRS

IM"W £ —




Test Beam Set Up

VMM1 in the test beam

SPI Control

PDO/TDO

Fast Trigger

VMM1 chip
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Noise

single channel pdo

_ +2 1 ndf 14.67 /10
B Constant 648.7 + 18.2
600 — Mean 0.3941+ 0.0000
- ] Sigma  0.0008766 = 0.0000141
500:;‘
400 — ] Gain =3 mV/fC
_ Peak time =50 ns
300{—
200 —
100[—
B L1 1 1 | 1 1 L1 | 1 1 | 1 1 1 | 1 1 1 1 L 1 1 11
$3s 0.385 0.39 0.395 0.4 0.405 0.41
PDO

Check: Amplitude using a test pulse for a single channel while connected to Micromegas
Noise = 0.8766 mV => 2740 electrons
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Beam Profile

Beam Profile/Alighnment

channellD

h_fixChannellD_T1_track

Entries 92770

3500

- Mean 1371
3000 :_ RMS 16.78

- Underflow 0
2500 :— Overflow 0
2000
1500
1000

500
C i PRI EU SN SRR e s ,
%o 80 100 120 140 160 180
channellD

— h_fixChannellD_T5_track

r Entries 95555
3500

r Mean 137.9

C RMS 17.84
3000

C Underflow 0
2500 :_ Overflow 0
2000
1500
1000~ |

5001~ il
C L | ,
%0 80 100 120 140 160 180

channellD

h_fixChannellD_T3_track

3500

3000

2500

2000

1500

1000

500

Entries 123614

Mean 124.9
RMS 32.77
Underflow 0

Overflow 0
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(2]

PRI
120 140

channellD

i
160

P
180

h_fixChannellD_T7_track

3500

3000

2500

2000

1500

1000

500

Entries 98061

Mean 138.9
RMS 18.49
Underflow 0

Overflow 0

P
100

P S P
120 140

P
160



Events

Individual Event:

e alignment still needs to be done

Board #

Track: _
32 h?_hltMap
L Entries 34
B m Meanx 109.7
30— Meany 23.5
- i RMSx  34.26
. RMS'y 4.822
28
l-_ 0 0 0
- 0| 34 0
26 — 0 0 0
C m
24 —
- (1]
22 —
- ]
20—
- (1]
18{—
C 1]
16 B 1 1 1 1 I 1 1 1 1 I 1 I 1 1 1 1 I
0 50 100 150 200 250
Strip Position
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Board #

Trigger:
16 h2_hitMap
- Entries 8
- Meanx 126.2
14— Meany 6.125
L RMS x 2.222
1ol . RMSy  4.484
- o o] 0] o
C 0 8 0
10— o _of o
: °
8 —
: ]
61— °
4=
: [ ]
2
- [N
O C 1 I 1 I 1 1 1 1 1 1 I
0 50 100 250

Strip Position
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Track and Trigger Synchronization

Track and trigger combined:

Board #

Board #

16
14 I O Trigger
- e Tracking
12 - Eve n t # 1 % Earliest Track Hit
10[—
s ik
C M
el— 0 W
- M o
4 - EOll
L m 0
2 o
C 181
0 C P P P P P P
80 100 120 140 160 180
Strip Position
Event
16
14 i O Trigger
T Eve nt #3 e Tracking
12 - % Earliest Track Hit
10
8l Wi
- Wi
6 &
r 1k o
4 } gk
Hbk Ky
2 e
- %
0 7\ Il I Il Il ‘ Il Il ‘ Il Il ‘ Il Il Il ‘ Il Il I Il
80 100 120 140 160 180
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Strip Position

Board #

Board #

Event
16
14 i o Trigger
C e Tracking
12— Eve nt #2 _ )
- ¥ Earliest Track Hit
10
8 ; o]
- W
6l— 1
u % o
4 w
L [
2 ; Iy 1mn
C il
0 C P P P P P P
80 100 120 140 160 180
Strip Position
Event
16
14i O Trigger
C e Tracking
| Event #4
L X Earliest Track Hit
10—
8 ; Him
L uk
6 - A i
C il o
al— Wik
C 11T
o Wik
C K
0 C P P P P P P
80 100 120 140 160 180

Strip Position
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Timing

Timing Clusters ~100 ns

—500

1]
(=

®
£ 450
[

400

Event #1

350

300

250

200

150

100

50

IChamber:
om
o2
o3

T4
eTs
T6
e
T8

o HH‘HH‘HH‘HH‘\H\‘HH‘HH‘HH‘HH‘HH

%

L
80 100

[}
o
o

1

20

1

40

. .
160 180
Strip Position

Time (ns)
S
(41
o

Event #3

400

350

300

250

200

150

100

50

Of[TTTT[TTITT[TIT T[T I T T[T I T[T [T T T T[T TTT[TTTT[TTTIT
R R LA R RN RN RN L

(Chamber:
om
o712
e T3

T4
L
T6
o7
T8

®

Il
80 100

9/4/12

120

L
1

40

Il Il
160 180
Strip Position

g5oo -
Q450 IChamber:
ETE o
400 o
- | Event #2
350 ™
- TS
300 ™
— L ] oT7
250 s, —
E 1 °
200
150
100
50—
: Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il I Il
%o 80 100 120 140 160 180
Strip Position
500
£ C
450 - IChamber:
ETE o
400 o
- | Event #4 "
350—
- ®T5
300 “‘
E ° oT7
250 ** . °r
200
C L]
150 °
100
50—
: 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 I 1
%o 80 100 120 140 160 180

Strip Position

32




VMM 1 Threshold

Sub-Hysteresis Off Sub-Hysteresis On

Threshold
moves

Sub-hysteresis: threshold range moves to catch rising and falling edges -> allows the
threshold to be set to lower effective values (possibly as low as a few mV)
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Threshold Scans

Beam Profiles

TDAC = 160 TDAC =170 TDAC =180

= T - 3 10000
F g AR . — 9000~ T T e T 3 - _ n -
8000 MR L M iy "]' E A - a1 171 [ L[] L JL - TL [~
- F M L o n
7000~ 1 I 8000 = ! W | 8000|—
E I 7000~ C
6000 E C
E 6000 H 6000
5000 1 E L
E 5000~ N
4000 F m L
E 4000~ 4000
3000¢ 3000 B
2000 2000 I 2000~
E E L i
1000 1000 | [ l L 'J‘
E 4 E o MO L
ELLL Lrsd 1 0L Al N | , A= An= Ll 4l ool f 0
%o 80 700 120 140 50 T80 %6 80 00 120 740 760 B0 %o 80 100 120 140 16

TDAC = 190 TDAC = 200 TDAC = 210

8000 _ _ o 9000 - F—
E o Er _ . E
7000~ M | 8000 8000f
F F| 7000
6000 7000 E E
E 6000 6000
5000—_ o E
E 5000 5000
4000 E 3
: 4000E7 4000
3000 F ' 3
F 30001 3000
2000 E 3
: 2000E7 2000
1000 E Hl o E
- r " H 1000
% % 700 R F VR 0 o = T E
0
0 80 100 120 740 160 180 Q — == - L x 4
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Threshold Scans

Threshold Scans

* Effect of Varying the Threshold and Sub-hysteresis Enable

* Work in progress!!

noise\
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# boards hit per events

©

S B, N W B~ U O N

Sub-Hysteresis

e

/ Good

Cm o)

100

120

140

160

180
Threshold DAC

200

220

240

260

reduced
efficiency?

® OFF
BON
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Angular Resolution

Angular Resolution
* fit track angles by chamber
* encouraging preliminary angular resolution

1.8
1.6
1.4
1.2

Very Preliminary

0.8
0.6
0.4
0.2
0 | | |

Angular Resolution [mrad]

—— VMM trigger
—o— VMM1 tracking

Only 6 Chambers used

0 degrees 10 degrees 20 degrees

9/4/12

30 degrees

40 degrees

T12 /

T34

nb—

T56

T78 /

Theo Alexopoulos, et. al.
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Summary

Very promising initial results!
* low noise
* start to understand the dynamic range of VMM1
* gain/peaking time
* threshold
» verification of trigger concept
* un-calibrated angular resolution < 2 mRad
* identify criteria for next VMM design
* increase threshold trim
* mode to measure baseline
e digitization on chip

Next Plans:

e Calibrations--of thresholds, TAC slopes, gain (pdo and baseline)
e Alignment

* Timing resolution

* Next test beam in late October

* SEU tests



BnoguAAdEn
Back Up -

Back Up
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NSW Design

Equip the Small Wheels with
micromegas detectors (0.5-2.5 m?)

= Combine precision and 2" coord.
measurement as well as trigger
functionality in a single device

* Each detector comprises eight
active layers, arranged in two
multilayers

* Each layer comprises two
coordinates with 0.5 and 1.5 mm
strip pitch

— 2M readout channels

—> a total of about 1200 m? of
detection layers
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Micromegas

T. Kawamoto

9/4/12

Detector performance

Works at high rate up to14kHz/cm?2
3000 fb' > 1C/cm? of integrated charge
Space resolution 80-100 zm/point

40 um alignment accuracy

1mrad online angle resolution for trigger
BCID

Compatibility with phase-1 and phase-2

The proposed detectors (sTGC and MM) have potential to satisfy these
The proposed layout 4+4+4+4 layers of T-M-M-T will provide
high redundancy good(or essential) for

+ efficient tracking/trigger and

* long term running with limited access to detectors.

40



Angular Resolution

2 ; . Angular Resolution
momum §ne of paerrs Al imegeion (st Pk
e iy APl -
! al —— [ Ips
¢ € Enies 10000 C
1L Men 3% 12—
a—
- RMS 1782 C
C 11—
| C
- 0.8
|m— 0.6~
E 0.4—
T— -
E 0.2|—
-Aan_‘nnnl ol gl | I | ::&a | | 'l ~
V& % W om W owm W m Bissn lls g0 ol on o P's vs ot a5 ps Ve siaPssanilen oy
8s 1 15 2 25 3 3.5 4 a5

BXs

@ Due to charge collection /electronics integration time need to collect signals over multiple bunch crossings (BX) for best
angular resolution.

9/4/12 41



TGC Concept “'?'-"!Y

TGC design
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VMM 1

9/4/12

Latency(nsec)

Muon TOF

Detector Response (drift time+ peaking time)
SerDes*

To USA15 (90 m fiber)*

GBTx Latency

Software micro-ROI (4x4x2 — 4x4-5 ns)
Difference of strip addresses*

Calculate slope*

To Sector Logic serializer*®

Total

* Similar operations, estimate taken from sTGC concept

NSW Preliminary Design Review - V. Polychronakos

25 nsec
50-100
40 -70

495

170
32-80

5-10

5
5-10

827 —965

13
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Micromegas

nn/ppmﬁm
NATIONAL LABORATORY

Garfield simulation

(L8

Ar93 % CO, 7 %

Ar93%CO, 7% B=20T
s Ar93%CO, 7%B=10T
= Ar93 % CO, 7% B=05T
20 Ar93%CO, 7%B=02T

» Maximum B field in SW

l v

m]

~0.5T

Vioren: ldEGrees)

Lorentz—angle

| Ar93%CO, 7%

| Ar93%CO, 7%B=20T

. Ar93%CO0, 7%B=10T

Ar93%CO, 7% B=05T

| Ar93%C0,7 %B=02T
= \\,

'

» Maximum Lorentz angle ~30° (depends on the drift field)
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10
EV/eml
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